Introduction
============

Depression is common in schizophrenia.[@b1-ndt-11-701]--[@b4-ndt-11-701] The prevalence of depressive symptoms in patients with schizophrenia varies from 10% to 75% in different studies;[@b5-ndt-11-701]--[@b8-ndt-11-701] the average is estimated to be about 25%.[@b1-ndt-11-701],[@b9-ndt-11-701] The variation is probably caused by the heterogeneity and differences in study subjects, diagnosis criteria, research methods, phases of psychosis, medication intervals, and other factors. However, most of the psychiatrists consider depression as a common problem throughout the course of schizophrenia;[@b10-ndt-11-701] several studies showed about 60% of patients with schizophrenia meet *Diagnostic and Statistical Manual of Mental Disorders*, third edition, criteria for major or minor depression.[@b11-ndt-11-701],[@b12-ndt-11-701] Depressive symptoms are found most frequently during an acute psychotic episode,[@b13-ndt-11-701] whereas post-psychotic depression, where depressive symptoms start off after an acute psychotic episode, were reported to occur in an average of 25% of treated schizophrenic patients.[@b14-ndt-11-701] The first psychotic break is often associated with a higher prevalence of depression occurrence. Almost half of the first-episode schizophrenic patients show clinical symptoms of major depression (SMD) according to diagnostic criteria Hamilton Rating Scale for Depression (HAM-D), and in relapsed chronic schizophrenic group, there are about one third of patients showing SMD.[@b7-ndt-11-701],[@b15-ndt-11-701] For those schizophrenic patients who do not have major depression episodes, at least two thirds of them show mild depressive symptoms, and over 30% of them have minor depressive mood or feelings.[@b16-ndt-11-701] Depressive symptoms are more common in patients with active psychosis. In an early comparison study, clinically significant depression among patients with schizophrenia, as defined by a Hamilton Depression score of 17 or greater, was diagnosed in a higher proportion of the inpatient group (10%) than of the outpatients (4.5%), while the prevalence of mild-to-moderate depression, as defined by a Hamilton Depression score of between 10 and 17, was unexpectedly diagnosed in similar proportions of the inpatient group (42%) and of the outpatient group (47%).[@b17-ndt-11-701] As an extreme unfavorable outcome, depression increases the risk of suicide, the rate of which in schizophrenic patients is reported to be approximately 10%.[@b16-ndt-11-701],[@b18-ndt-11-701],[@b19-ndt-11-701]

Some of the depressive symptoms can be found 5--10 years prior to the first psychotic episode; they occur frequently during the course of deterioration into psychosis. Häfner et al[@b20-ndt-11-701] have shown a prevalence of 81% in schizophrenic patients who had depressive mood prior to their first psychotic break. More recent studies that have systematically examined the underlying factors and early signs of schizophrenia also suggested that mild depressive symptoms are strongly associated with the onset of schizophrenia.[@b21-ndt-11-701],[@b22-ndt-11-701] In the course of schizophrenia, hallucinations, as one of the manifestations of psychosis, can be particularly troublesome and may lead to depression or even suicide. Auditory hallucinations in patients with schizophrenia can be very distressing and possibly encourage and reinforce depressive symptoms.[@b23-ndt-11-701] Depression has also been characterized as a response to the severity of psychotic problems or subjective awareness of the condition itself.[@b24-ndt-11-701],[@b25-ndt-11-701] In post-psychotic phase, depression in schizophrenia has also been noticed and the prevalence has been reported from 25% up to 40%. While in post-psychotic cases, depression has not been proven to be a precursor to the onset of the next relapse, or to be related to the prepsychotic depression; the post-psychotic depression seems independent of positive symptoms as well as negative symptoms.[@b26-ndt-11-701],[@b27-ndt-11-701]

Depressive symptoms are often more frequent and severe in schizophrenic patients, compared to normal subjects.[@b10-ndt-11-701],[@b16-ndt-11-701] Vice versa, patients with persistent depressive symptoms during the chronic phase of schizophrenia have a higher risk for relapses in comparison with nondepressed subjects.[@b28-ndt-11-701] Depression is significantly related to a decrease in everyday functioning in patients with schizophrenia,[@b29-ndt-11-701] and it is known to increase the risk of suicide in patients with schizophrenia.[@b16-ndt-11-701],[@b18-ndt-11-701],[@b19-ndt-11-701]

The diagnosis of depression in schizophrenia can be quite complex. As described by Zisook et al[@b10-ndt-11-701] the most prevalent symptoms of depression include psychological (eg, lowered mood, depressed appearance, and anxiety), cognitive (eg, guilt, hopelessness, lowered self-esteem, and loss of insight), somatic (eg, sleep, appetite disturbance, reduction of energy, and somatic anxiety), psychomotor (eg, retardation and agitation), and functional (reduced activities and concentration).[@b30-ndt-11-701] The diagnosis involves not only identifying those symptoms of depression but also distinguishing them from negative symptoms and stress disorders, such as cognitive impairment, social withdrawal, and affective flattening.[@b31-ndt-11-701],[@b32-ndt-11-701] Situational disappointment is another difficult case to be recognized from depression. The way to differentiate depression from these depression-like symptoms is to carefully observe the patients for a certain period of time and/or to apply psychosocial interventions; the real depressive symptoms would be more persistent, showing a prominent low mood, sense of guilt, and even suicidal thoughts.[@b8-ndt-11-701]

There is clinical confusion regarding whether depressive symptoms are core to the psychosis of schizophrenia, or side effects induced by antipsychotics. It is known that antipsychotics are dopamine antagonits, and dopamine plays an important role in the "reward" pathway, which is largely involved in experiences of "pleasure". Blocking dopaminergic activities might lead to dysphoria and depression-like symptoms, such as akinesia, Parkinsonism, akathisia, cognitive despair, and negative symptoms (which can be easily misinterpreted as depressive symptoms). Although the clinical data has not shown differences between patients treated with antipsychotics and those randomized to placebo in terms of adverse effects, it is still suggested to rule out Parkinsonian symptoms or dysphoria that could be induced by inappropriate psychotic medication first, before prescribing antidepressants to patients with schizophrenia.[@b7-ndt-11-701],[@b9-ndt-11-701],[@b33-ndt-11-701] Substance abuse and alcoholism can also cause depression;[@b34-ndt-11-701] depressed patients should therefore always have a thorough medical evaluation.

Among all the depression assessment instruments, Calgary Depression Scale for Schizophrenia (CDSS), designed specifically for the patients with schizophrenia, can most accurately identify depression in the case when there are natural negative symptoms or side effects of antipsychotics confounding the occurrence of depression.[@b35-ndt-11-701] CDSS is therefore recommended as the preferred assessment scale.[@b2-ndt-11-701] Whereas the HAM-D -- the most commonly used rating scale to assess depression -- was initially developed for use in depressive disorders, HAM-D may not discriminate depressive symptoms from negative and extrapyramidal symptoms. Systematic comparison studies have shown that HAM-D accounts more for the positive and negative symptom domains than CDSS in schizophrenia.[@b36-ndt-11-701],[@b37-ndt-11-701] Other instruments to measure depressive symptoms used in schizophrenic patients include Brief Psychiatric Rating Scale -- Depression subscale, Positive and Negative Syndrome Scale -- Depression subscale, Montgomery-Åsberg Depression Rating Scale, and Raskin Depression Rating Scale (RDRS). A recent review of the available depression assessment instruments also recommends CDSS for depressive symptoms in patients with schizophrenia, since CDSS measures nearly no symptoms other than depressive symptoms, and the criteria in the measurement do not overlap with negative and extrapyramidal symptoms.[@b38-ndt-11-701] In addition, CDSS has been translated into different languages and evaluated in different regions and areas,[@b39-ndt-11-701]--[@b44-ndt-11-701] which would be helpful for its further adaptation.

Treatments for depression in schizophrenia mainly focus on addressing the underlying factors of depressive symptoms, including medications and psychosocial treatments. There are guidelines for treating depressive symptoms in schizophrenia in different countries of the world with similar principles.[@b45-ndt-11-701]--[@b47-ndt-11-701] Generally, first of all, underlying problems such as medications' side effects or substance abuse should be carefully identified. Medications can be adjusted to the differential diagnosis, such as antipsychotic dose reduction or substitution of an atypical antipsychotic for antipsychotic-induced depression, or a supplemental (anticholinergic) anti Parkinsonian agent for akinesia. If the depressive symptoms are intrinsic to acute psychotic episode, an appropriate antipsychotic medication (maybe atypical antipsychotics) that resolves the symptoms of psychosis could facilitate the depression by itself, with no need for antidepressants. In the case of acute schizoaffective disorder, combination of an antipsychotic and an antidepressant or lithium or with electroconvulsive therapy (in case of life-threatening symptoms) could be helpful; in stable chronic psychotic phase, when anti Parkinsonian agents do not have any therapeutic effect, persistent depression may respond to antidepressant augmentation of antipsychotics.[@b9-ndt-11-701],[@b48-ndt-11-701] However, since the studies of antidepressant augmentation are hard to be standardized, the reported results from different randomized controlled clinical trials are quite confusing or even conflicting.[@b49-ndt-11-701],[@b50-ndt-11-701]

At the same time as pharmacological treatment, supportive psychotherapy, family involvement, and social support should be considered for persistent depressive symptoms and for medication maintenance.[@b9-ndt-11-701],[@b48-ndt-11-701] Psychoeducation is the most frequently used psychotherapeutic approach followed by family interventions; psychoeducation it mostly provides education about the disorder, symptoms that patients may experience, and the importance of staying on medication.[@b15-ndt-11-701] Reviews of psychoeducational treatments in schizophrenia and depression suggested that psychoeducational interventions are effective in improving the clinical course, treatment adherence, and psychosocial functioning.[@b51-ndt-11-701],[@b52-ndt-11-701] Another therapy, cognitive behavioral therapy (CBT), became more recommended in 2002. CBT focuses on thinking and behavior; it helps patients to manage their symptoms overall. Despite the fact that no significant advantage has been found for CBT as compared to other psychotherapies, it may help reduce the severity of depressive symptoms and reduce the risk of relapse in the long term.[@b53-ndt-11-701],[@b54-ndt-11-701]

In this review, we are particularly interested in the role of antidepressants in treating depressive symptoms in schizophrenia. The patterns of use, effectiveness, adverse effects and drug--drug interactions of antidepressants will be further discussed in detail.

Patterns of antidepressant usage in schizophrenia treatment
===========================================================

Prescribing antidepressant to patients with schizophrenia is not uncommon. The reported rates of antidepressant prescription to schizophrenic patients vary greatly under different circumstances, and in different geographic regions. In [Table 1](#t1-ndt-11-701){ref-type="table"}, we have summarized the studies of antidepressant description from different regions and areas of the world. Only two of these studies have further investigated the effect of antidepressants on the depressive symptoms; the results suggested that concomitant use of antidepressants is not completely successful,[@b55-ndt-11-701],[@b56-ndt-11-701] and no side effect was reported or a concern in these studies.

It is not surprising to find that the rate of antidepressant prescriptions for patients with schizophrenia has risen over time. In Western countries, it was about 15% in the 1990s and has increased to 40% in the last decade. In 1998, a schizophrenia Patient Outcomes Research Team (PORT), which was funded by the Agency for Health Care Policy and Research and the National Institute of Mental Health funded in the USA, has developed a set of recommendations for the treatment of schizophrenia based on existing scientific evidence.[@b57-ndt-11-701] In 2004, a second edition was published that gave more detailed recommendations for the use of antidepressants to treat major depression in schizophrenia, including the usage in acute or stable phases of illness, the usage in elderly patients, and precautions against the risks of drug--drug interactions with antipsychotics.[@b58-ndt-11-701] This guideline has been followed by a large number of psychiatrists; 48.3% of inpatients met at least one of the comorbid depression criteria, and of them, 33.8% were prescribed an antidepressant; among the outpatients, 42.8% met the depression criteria, and 45.7% of them were prescribed an antidepressant.[@b59-ndt-11-701],[@b60-ndt-11-701] This probably resulted in the increased rate of prescribing antidepressants in most Western countries. However, in the update in 2009 Schizophrenia PORT, the recommendations for the use of antidepressants to treat major depression in schizophrenia were dropped, due to the lack of sufficient evidence to support the efficiency of antidepressants on depressive symptoms in patients with schizophrenia.[@b61-ndt-11-701]

In the early reports, tricyclic antidepressants (TCAs) were the most often used antidepressants; however, in the recent studies, the most prescribed antidepressants were newer generation, serotonin selective reuptake inhibitors (SSRIs) or serotonin--norepinephrine reuptake inhibitors ([Table 1](#t1-ndt-11-701){ref-type="table"}). Antidepressants are generally used as concomitant medication with antipsychotics in patients with schizophrenia. The combination of a second-generation or atypical antipsychotic agent with an SSRI has been reported the most popular choice among psychiatrists worldwide.[@b15-ndt-11-701] Their prescription dose is almost always within the limits indicated by the technical sheets but consistently above those indicated by the daily-defined doses.[@b62-ndt-11-701] During the therapy, some patients would have the dose of their antidepressants changed, such as citalopram was frequently up-titrated; the medication might not be fully efficacious on the depressive symptoms in these cases.[@b62-ndt-11-701] It is generally agreed in the USA that the antidepressant medication requires 4±2 weeks to show its clinical benefits, and once initiated, it should be continued for 6--12 months if the patients respond well.[@b15-ndt-11-701] The ineffectiveness of antidepressant treatment has also been noted in other studies;[@b55-ndt-11-701],[@b56-ndt-11-701] compared to the patients without adjunctive treatment, the patients using antidepressants did not always show a better chance in remitting from their depressive symptoms.

Among the patients with schizophrenia, those who are 1) diagnosed with depression,[@b55-ndt-11-701] 2) having resistant negative symptoms,[@b63-ndt-11-701] 3) female,[@b55-ndt-11-701],[@b62-ndt-11-701] and 4) treated with second-generation antipsychotics[@b62-ndt-11-701],[@b64-ndt-11-701] are more likely to receive antidepressants. Cost of medication and insurance coverage of psychological disorders also influence the rate of prescription for adjunctive antidepressants. A couple of studies showed that racial difference is also associated with the proportion of antidepressant prescription; black population use less frequently prescribed antidepressants; it may reflect economic factors, less engagement in the mental health system, or undertreatment.[@b55-ndt-11-701],[@b65-ndt-11-701] A similar situation is found in patients with a record of homelessness.[@b63-ndt-11-701]

Very interestingly, we found that the use of antidepressants in concomitant treatment for schizophrenia in Asian countries is generally much lower than that in Western countries. Despite an increase in antidepressant use over time in the rest of the world, the average rate of prescription of antidepressants among patients with schizophrenia was still barely \>10% ([Table 1](#t1-ndt-11-701){ref-type="table"}, [Figure 1](#f1-ndt-11-701){ref-type="fig"}). As shown by Xiang et al[@b66-ndt-11-701] patients with schizophrenia in Singapore received the highest rate of adjunctive antidepressant medication, which was 22.0% in 2009. The low rate of antidepressant use in Asia may be due in part to the concern for worsening positive symptoms. The patterns of antidepressants prescription in Asia also revealed an association between younger age and increased antidepressant usage. It might be explained by the belief that the risk of adverse effects of psychotropic drugs increases with age.[@b67-ndt-11-701]

Benefits and risks of antidepressants for patients with schizophrenia
=====================================================================

For clinical applications of antidepressants, the core question is whether the benefits associated with the medications outweigh their health risks in treating depressive symptoms in patients with schizophrenia.

Effectiveness on depression in patients with schizophrenia
----------------------------------------------------------

In order to provide a global overview of the effects of antidepressants on the depressive symptoms in patients with schizophrenia, a thorough search was conducted on PubMed of articles published before January 2014. The terms "antidepressants" or "antidepressive agents" were combined with "schizophrenia" or "schizoaffective disorders" and "combination" or "augmentation" or "add-on" or "addition", as well as "double blind" and "placebo controlled". Results from 18 different double-blind, placebo-controlled clinical trials of adjunctive antidepressants were selected in this review ([Table 2](#t2-ndt-11-701){ref-type="table"}). All of these trials have measured depression as a primary or secondary outcome with standard clinical scales, including HAM-D, RDRS, CDSS, and Beck Depression Inventory, which had to be completed by patients. The other related information about these trials was also clearly presented. In these trials, the patients with schizophrenia were mostly at a chronic but stable phase of psychosis; they showed various states of post-psychotic depression according to the measures. Most clinical trials choose to target post-psychotic depression because 1) the depressive symptoms presented in acute phase of psychosis could be associated with antipsychotic-induced dysphoria, akinesia, negative symptoms, or disappointment reactions, which are possibly ameliorated once the dose of antipsychotics is correctly reduced or anti Parkinsonian and/or anticholinergic medication is used;[@b9-ndt-11-701] and 2) adjunctive antidepressants could produce significant beneficial effects for patients not associated with acute psychotic illness.[@b68-ndt-11-701] Some of the patients in trials were taking anticholinergic or anti Parkinsonian medications to reduce the side effects of antipsychotics.

As early as 1978, Siris et al found that the combination of antidepressants, such as TCAs, and antipsychotics improved the symptoms of clinical depression in some patients with schizophrenia.[@b69-ndt-11-701] This finding was confirmed by another double-blind, randomized, placebo-controlled clinical trial.[@b70-ndt-11-701] Siris et al have also shown that maintenance adjunctive antidepressant therapy for depressed patients with schizophrenia could help to avoid a relapse of depression and protect patients from worsening psychosis.[@b71-ndt-11-701]

Other antidepressants such as serotonin antagonist and reuptake inhibitor (SARI) and SSRIs could significantly improve depressive symptoms too, and with less adverse effects than TCAs. A systematic study of citalopram augmentation[@b72-ndt-11-701] in schizophrenia treatment has shown a significant effect by improving depressive and negative symptoms. In meta-analysis of the efficiency of antidepressants, in treating schizophrenia, it has been shown that the use of antidepressants as an add-on therapy to antipsychotics moderately yet significantly improved the negative symptoms in chronic schizophrenic patients;[@b73-ndt-11-701]--[@b75-ndt-11-701] the same effect was also observed for an acute exacerbation of schizophrenia.[@b76-ndt-11-701] The results favored in particular newer antidepressants, including SSRI (fluoxetine, fluvoxamine, citalopram), SARI (trazodone), and serotonin 5-HT~2C~ antagonist (ritanserin).

Another most commonly prescribed antidepressant, bupropion, serves as a non-TCA and is fundamentally different from SSRIs. From a pharmacological standpoint, bupropion primarily acts as a mild reuptake inhibitor of dopamine and norepinephrine, as well as a nicotinic acetylcholine receptor antagonist; however, its mechanisms of action are not fully understood.[@b77-ndt-11-701],[@b78-ndt-11-701] Bupropion has been shown to be an effective antidepressant and to be well tolerated,[@b79-ndt-11-701] even compared to SSRIs.[@b80-ndt-11-701],[@b81-ndt-11-701] A recent systematic review of the use of bupropion in schizophrenia has suggested its favorable effectiveness in alleviating depressive symptoms.[@b82-ndt-11-701]

Noradrenergic and specific serotonergic antidepressants (NaSSAs), such as mirtazapine and mianserin, are classified as tetracyclic antidepressants based on their chemical structures. Because of their specific antagonism of certain serotonin receptors, which reduces many side effects associated with SSRIs, NaSSAs can be well tolerated. A very recent meta-analysis of NaSSAs augmentation therapy in schizophrenia treatment has also suggested their beneficial effects on akathisia and extrapyramidal symptoms.[@b83-ndt-11-701] But there was little evidence to support any significant effect of NaSSAs on the depressive symptoms in schizophrenia.[@b83-ndt-11-701]

Finally, norepinephrine reuptake inhibitors (NRIs), such as reboxetine, have been recently developed. The clinical investigations of NRIs lead to a better understanding of the role of noradrenergic system in different aspects of depression. The use of reboxetine has been shown to be an effective approach to alleviate depressive symptoms;[@b84-ndt-11-701] however, compared to other serotoninergic antidepressants, reboxetine is much less efficacious.[@b85-ndt-11-701] From the collected trials, effectiveness of antidepressants on depressive symptoms is rather mixed; seven out of 18 studies demonstrated a significant effect of antidepressants in patients with schizophrenia, while the others did not indicate any positive result (marked with shading in [Table 2](#t2-ndt-11-701){ref-type="table"}). Even the same compounds in different trials have produced different results ([Table 2](#t2-ndt-11-701){ref-type="table"}). Apart from varying quality in the literature, the conflicting data could be due to methodological problems, small study sample size, different antipsychotics used by the patients or insufficient doses, and/or duration of antidepressant treatment. For example, amitriptyline was found to be effective for patients with chronic psychosis after 4 months of treatment,[@b70-ndt-11-701] but did not show significant therapeutic advantage after 4 weeks.[@b86-ndt-11-701] In the case of sertraline, different rating scales of depression were applied in the two cited studies.[@b87-ndt-11-701],[@b88-ndt-11-701] Slightly longer treatment might also favor the effectiveness of antidepressant. Use of different classes of antipsychotics might also influence the outcome; the augmentation with mirtazapine to first-generation or typical antipsychotics unexpectedly demonstrated better effectiveness on depressive symptoms, as well as positive and negative symptoms compared to the combination with second-generation antipsychotics.[@b89-ndt-11-701] This comparison definitely needs to be further investigated in well-designed clinical trials. Due to the heterogeneity of these trials, they were not included in the meta-analysis. As a reference, a similar conflict of the effect of antidepressants was found in a meta-analysis carried out by Whitehead et al in 2002;[@b90-ndt-11-701] the analysis has shown that using antidepressants was slightly beneficial for people with depression and schizophrenia, supported with conditionally significant evidence. In conclusion, 1) there is an urgent need for well-designed, conducted, and described clinical research on the use of antidepressants in schizophrenia; and 2) from the existing data and analysis, augmentation of psychotics with antidepressants may have a moderate chance to improve post-psychotic depressive symptoms in schizophrenic patients.

Here we have to keep in mind that there are some studies that showed no significant difference in depression rating scales between antidepressant and placebo groups,[@b7-ndt-11-701],[@b86-ndt-11-701],[@b91-ndt-11-701] although an ineffective result of antidepressants was possibly due to a significant placebo effect (50%) and small patient sample size of trials.[@b87-ndt-11-701] The studies also demonstrated that administration of antidepressants produced little effect on negative symptoms, such as low energy levels and social withdrawal. In clinical practice, there is a good chance that "depressed" patients with schizophrenia will respond poorly to antidepressant augmentation.

Comorbid obsessive--compulsive symptoms treatment
-------------------------------------------------

Comorbid obsessive--compulsive symptoms (OCS) occur in about 25% of schizophrenic patients,[@b92-ndt-11-701],[@b93-ndt-11-701] which is much higher than the prevalence rate for obsessive--compulsive disorder (OCD) in the general population (2%--3%). Despite many advantages -- excellent antipsychotic effects -- in treating resistant schizophrenia, second-generation antipsychotics, such as clozapine, are believed to be implicated in the de novo emergence of OCS in patients with schizophrenia.[@b94-ndt-11-701],[@b95-ndt-11-701] Both onset and severity of OCS are closely correlated with clozapine treatment.[@b96-ndt-11-701],[@b97-ndt-11-701] It was strongly suggested that the serotoninergic antagonism of second-generation antipsychotics, which results in an imbalance between serotoninergic and dopaminergic system, contributes to this side effect;[@b98-ndt-11-701] alteration or dysfunction of glutamatergic and dopaminergic neurotransmission might also be involved.[@b99-ndt-11-701],[@b100-ndt-11-701] Patients with comorbid OCS in schizophrenia are generally suffering from more neurocognitive impairment, more severe psychosis, and treatment resistance.[@b101-ndt-11-701],[@b102-ndt-11-701]

Pharmacological interventions seem recommendable to improve comorbid OCS.[@b103-ndt-11-701] Beneficial effects with antidepressants augmentation have been reported, including TCA clomipramine[@b104-ndt-11-701] and newer generation antidepressants SSRIs, such as fluvoxamine.[@b105-ndt-11-701] Note that there were few case studies showing an insignificant effect of antidepressant augmentation.[@b106-ndt-11-701] CBT was also reported useful.[@b107-ndt-11-701],[@b108-ndt-11-701] Further research with larger sample sizes and well-designed controlled clinical trials would be helpful to verify the improvement effect with antidepressants and behavioral therapy for treating comorbid OCS in schizophrenia.

Adverse effects
---------------

Many side effects of TCAs are related to their anticholinergic properties, such as constipation, urinary retention, delirium, and cognitive dysfunction; these are relatively common and can happen more frequently among older patients. Other side effects include antihistaminergic effects such as sedation, and antiadrenergic effects such as postural hypotension. TCAs could also worsen the sedative and anticholinergic side effects of antipsychotics, although they might be helpful for extrapyramidal symptoms. Overdose of TCAs can be fatal; it is a serious problem in the pediatric population due to their inherent toxicity.

In comparison, serotonin reuptake inhibitors, the antidepressants often used in combination with antipsychotic to treat depression in schizophrenia, have less effect on cholinergic, histaminergic, and adrenergic systems. They are better tolerated and relatively safe even in overdose situations. Serotonin reuptake inhibitors are associated with reductions in impulsivity, irritability, aggression, paranoia, and other behavioral disturbances.[@b109-ndt-11-701],[@b110-ndt-11-701] The most common complaints of these newer antidepressants, in particular fluvoxamine, are nausea, changes in appetite, and sexual dysfunction.[@b111-ndt-11-701] The combination of SSRI with atypical antipsychotics is generally safer than the combination of TCAs with typical antipsychotics.

Augmenting antipsychotics with antidepressants is suspected to aggravate the psychotic symptoms, like delusions and hallucinations,[@b86-ndt-11-701],[@b91-ndt-11-701] through increasing blood concentration of antipsychotics induced by competitive metabolism inhibition, which will be further discussed in the next section. Concomitant treatment can also increase risk of arrhythmias. Additionally, side-effect profiles shared by both antipsychotic and antidepressant agents, such as weight gain and sedation, could be potentially additive.[@b63-ndt-11-701] However, from the results of clinical trials, the chance of these unwanted effects is low, in particular in patients who are at a stable chronic phase of illness.[@b112-ndt-11-701] In any case, more attention should be paid when antipsychotics, clozapine in particular, are augmented with antidepressants.[@b113-ndt-11-701] Another possible adverse side effect of the combination is the anticholinergic activity; the increased concentration of TCAs can lead to increases in risk or severity of anticholinergic side effects, such as blurred vision, dry mouth, constipation, or urinary retention.

Drug interaction with antipsychotics
------------------------------------

As with all adjunctive medications, one of the biggest concerns regarding antidepressants in clinical practice is drug interactions. For patients with schizophrenia, an antidepressant is always combined with an antipsychotic. Antidepressants are extensively metabolized in the liver through oxidative reactions; the combination could produce competitive metabolism inhibition. It has been shown that using a TCA at the same time as an antipsychotic could result in increases in the blood level of both medications,[@b112-ndt-11-701] because of competitive inhibition of hepatic microsomal oxidative enzymes:[@b114-ndt-11-701],[@b115-ndt-11-701] a pharmacokinetic interaction could increase plasma antidepressant levels in patients by up to 70%,[@b116-ndt-11-701] while antipsychotic concentrations in plasma might rise up to 50% when a TCA is added.[@b117-ndt-11-701] SSRI and other newer generations of antidepressants could also lead to adverse pharmacological interactions with clozapine or haloperidol, which are probably mediated through competitive inhibition of the hepatic oxidative enzymes -- cytochrome P (CYP)-450 system.[@b118-ndt-11-701],[@b119-ndt-11-701]

CYP-450 enzymes are widely involved in the metabolism of psychotropic drugs, including antidepressants and antipsychotics. CYP enzymes are classified into different families and isozymes. When the co-administered antidepressant shares the same isozyme with the antipsychotic in an augmentation therapy, the competitive inhibition of CYP enzyme(s) would induce an increase in blood level of antipsychotic, and of antidepressant sometimes as well. As shown in [Table 3](#t3-ndt-11-701){ref-type="table"}, pharmacokinetic interactions between antidepressants and antipsychotics are listed, including the isozymes that are competitively inhibited in the interactions.[@b120-ndt-11-701]

Different antidepressants show considerably different potency to inhibit CYP enzymes. Fluoxetine reacts predominantly with CYP2D6, and also other isozymes, including CYP2C9, CYP2C19, and CYP3A4. Fluoxetine and its metabolite norfluoxetine have important inhibitory effects on CYP enzymes. Due to their long elimination half-life, a couple of days in general, the inhibition effect on CYP enzymes can persist for up to 6 weeks after discontinuation of the antidepressant.[@b121-ndt-11-701] Fluvoxamine interacts with several CYP enzymes non-selectively; it has a potential for significant clinical interaction with other drugs.[@b122-ndt-11-701] Sertraline and citalopram are relatively moderate to weak inhibitors of the CYP enzymes, including CYP2D6.[@b123-ndt-11-701],[@b124-ndt-11-701] With respect to drug interactions, citalopram is considered as the safest SSRI to use in augmentation therapy.

Interestingly, Bertilsson et al have suggested that various plasma concentrations of antidepressants and antipsychotics from different patients given the same dose are the result of the interindividual differences in the activity of CYP enzymes.[@b125-ndt-11-701],[@b126-ndt-11-701] The lower activity of CYP enzymes manifested among the Asian population could be one of the explanations for their lower tolerance to antidepressants. This knowledge could be useful in the prediction of clinically significant drug-drug interactions in personalized medicine.

In clinical practice, both antipsychotics and antidepressants in combination therapy should be adjusted into a safer yet efficient dose; preferably, setting a standard range of their blood levels could be helpful.

Conclusion
==========

Symptoms of depression are common in schizophrenia; they can occur at any phase. Besides having low mood, patients suffering from depression report declines in their physical health, as well as the quality of their lives; about 10% of the schizophrenic patients commit suicide. It is recommended to treat patients with schizophrenia and depressive symptoms firstly with an optimal dose of second generation antipsychotics and a supplemental anti Parkinsonian agent; if significant depressive symptoms persist after optimization, antidepressants, preferably SSRIs, are recommended.[@b9-ndt-11-701],[@b58-ndt-11-701] However, there is no simple answer to the question whether antidepressants could overall be beneficial in treating patients with schizophrenia. To our knowledge, the effectiveness of adjunctive antidepressants on the depressive symptoms in patients with schizophrenia varies considerably. This variation is possibly associated with divergent states of psychotic illness and depression, various psychotropic medications and substance use/abuse, different properties of antidepressants themselves, individual variance in the activity of drug metabolism enzymes, and utilization of psychosocial interventions.[@b127-ndt-11-701] Further, there is a substantial risk of worsening psychosis and other symptoms by adding antidepressants into treatment.

Good clinical practice should carefully evaluate the individual diagnosis and medication/psychotherapy. Appropriate use of antidepressants could improve depressive symptoms in patients with schizophrenia, but extra caution should be given in terms of adverse effects.
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Patterns of antidepressant prescription in schizophrenia treatment

  Study year         Region                                                                                                  Sample size                                     Female (%)   Age (years)            Antidepressants                          Patients using antidepressant (%)              Reference
  ------------------ ------------------------------------------------------------------------------------------------------- ----------------------------------------------- ------------ ---------------------- ---------------------------------------- ---------------------------------------------- --------------------
  **Non-Asia**                                                                                                                                                                                                                                                                                           
  2007--2009         Italy                                                                                                   892[a](#tfn1-ndt-11-701){ref-type="table-fn"}   58.0         55±17                  SSRI 55%; TCA 2.8%                       40[b](#tfn2-ndt-11-701){ref-type="table-fn"}   [@b62-ndt-11-701]
  2007               USA (Veterans)[\*](#tfn3-ndt-11-701){ref-type="table-fn"}                                               2,412                                           7.6          54                     SSRI/SNRI 84.5%; TCA 22.9%               37.4                                           [@b63-ndt-11-701]
  2003--2006         the Netherlands                                                                                         214                                             43.0         38.7±11.7              na                                       40.2                                           [@b56-ndt-11-701]
  2003--2004         New York, USA                                                                                           456                                             35           43±11.7                SSRI; TCA; others                        37                                             [@b65-ndt-11-701]
  2001--2003         USA                                                                                                     1,380                                           30           40±11                  na                                       31% total                                      [@b55-ndt-11-701]
  1993/1994          Austria                                                                                                 177                                             59.2         48.4                   na                                       30.4                                           [@b128-ndt-11-701]
  1992               Badajoz, Spain                                                                                          100                                             50           37.8±12.5              na                                       15                                             [@b129-ndt-11-701]
  Huddinge, Sweden   87                                                                                                      46                                              37.1±10.2    na                     1                                                                                       
  Tartu, Estonia     100                                                                                                     50                                              38.8±12.6    Mainly amitriptyline   16                                                                                      
  1990               Greater Vancouver, Canada                                                                               1,421                                           na           44.7±14.0              Mostly TCA                               11.60                                          [@b67-ndt-11-701]
  **Asia**                                                                                                                                                                                                                                                                                               
  2009               People's Republic of China, Hong Kong, Japan, Korea, Singapore, Taiwan, India, Malaysia, and Thailand   2,226                                           39.4         43.0±13.7              Mainly SSRI \>55.9%                      8.70                                           [@b66-ndt-11-701]
  2008               Malaysia                                                                                                200                                             34           35.0±1.1               na                                       10.5                                           [@b130-ndt-11-701]
  2008               Beijing, Republic of China                                                                              518                                             46.5         42.0±15.8              na                                       9.5                                            [@b131-ndt-11-701]
  2004               People's Republic of China, Hong Kong, Japan, Korea, Singapore, and Taiwan                              2,136                                           42.7         43.1±14.2              Mainly SSRI \>50.3%; trazodone \>27.3%   6.5                                            [@b66-ndt-11-701]
  2001               People's Republic of China, Hong Kong, Japan, Korea, Singapore, and Taiwan                              2,399                                           44.1         43.6±13.5              Mainly SSRI \>43%                        5.3                                            [@b66-ndt-11-701]
  1999               Beijing, People's Republic of China                                                                     605                                             44.5         41.2±12.8              na                                       4.30                                           [@b131-ndt-11-701]

**Notes:**

564 taking antipsychotics; 295 schizophrenic patients.

Presented in 564 patients taking antipsychotics.

This data was taken from US Veterans only, and not the general population of the US.

**Abbreviations:** SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant; SNRI, serotonin--norepinephrine reuptake inhibitors; na, not applicable.

###### 

Double-blind, placebo-controlled clinical trials of antidepressants for treating depressive symptoms in patients with schizophrenia

  Antidepressants              Type of antidepressant   Antipsychotics   Duration   Size   Female (%)   Age (years)   Depression                         Effect on depression                                                                                                    Effect on negative symptoms and other effects                                                                                                          Reference
  ---------------------------- ------------------------ ---------------- ---------- ------ ------------ ------------- ---------------------------------- ----------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------ --------------------
  Amitriptyline                TCA                      FGA              4 months   35     na           na            na                                 Significant improvement, superior to placebo                                                                            na                                                                                                                                                     [@b70-ndt-11-701]
  Amitriptyline, desipramine   TCA                      FGA              4 weeks    58     na           na            HAM-D\>I7                          No significant difference compared to placebo                                                                           na                                                                                                                                                     [@b86-ndt-11-701]
  Imipramine                   TCA                      FGA              4 weeks    52     32.7         38            HAM-D 3/4 or anergic 3/4           No significant difference compared to placebo                                                                           na                                                                                                                                                     [@b132-ndt-11-701]
  Impiramine                   TCA                      FGA              6 weeks    na     na           na            Post-psychotic                     Significant improvement, superior to placebo                                                                            AD showed a better global improvement and no significant effect on psychosis or side effects                                                           [@b133-ndt-11-701]
  Fluvoxamine                  SSRI                     FGA              6 weeks    30     37           41.5          HAM-D 7.7±4.9                      Depressive features showed significant improvement with time but no significant difference between active and placebo   na                                                                                                                                                     [@b134-ndt-11-701]
  Fluvoxamine                  SSRI                     FGA              8 weeks    32     28.10        36.6          HAM-D 12.4±8.6                     No significant difference compared to placebo                                                                           na                                                                                                                                                     [@b135-ndt-11-701]
  Fluvoxamine                  SSRI                     na               12 weeks   34     na           na            na                                 Slight but significant improvement, superior to placebo                                                                 AD showed significant improvement in negative symptoms. Side effects were more common in AD group                                                      [@b136-ndt-11-701]
  Fluoxetine                   SSRI                     SGA              8 weeks    33     na           na            na                                 No significant difference compared to placebo                                                                           No significant differences in positive, negative, depressive, or obsessive--compulsive symptoms                                                        
  Sertraline                   SSRI                     FGA              8 weeks    26     38.50        38            BPRS ≥3 and BDI ≥ 15               Significant improvement in the anxiety/depression, superior to placebo                                                  No significant effect on negative or positive symptoms. Sertraline was well tolerated                                                                  [@b88-ndt-11-701]
  Sertraline                   SSRI                     SGA 58.3%        6 weeks    48     63.50%       37.8          CDSS 14.0±1.28; HAM-D 20.6         Both groups showed improvement in depression, but no significant difference compared to placebo                         na                                                                                                                                                     [@b87-ndt-11-701]
  Citalopram                   SSRI                     SGA \~90%        12 weeks   198    21.80        52.4          HAM-D ≥8                           Significant improvement, superior to placebo                                                                            Significant improvement in negative symptoms, superior to placebo. No differences in positive symptoms, general medical health or other side effects   [@b72-ndt-11-701]
  Escitalopram                 SSRI                     SGA 79%          10 weeks   38     28           37.2          HAM-D 6.6±4.9                      No significant difference compared to placebo                                                                           No significant difference compared to placebo                                                                                                          [@b137-ndt-11-701]
  Trazodone                    SARI                     FGA              6 weeks    60     43.30        43            HAM-D \> 18                        Significant improvement, superior to placebo                                                                            AD was well tolerated, minimal side effects                                                                                                            [@b138-ndt-11-701]
  Bupropion                    Atypical                 FGA              10 weeks   38     36.80        41            HAM-D \> 18                        No significant difference compared to placebo                                                                                                                                                                                                                                  [@b139-ndt-11-701]
  Mirtazapine                  NaSSA                    FGA              6 weeks    39     na           18--65        CDSS 4.58±5.08                     Significant improvement, superior to placebo                                                                            The changes in the CDSS correlated positively with those in the PANSS negative, positive, and total (sub) scales in AD group                           [@b89-ndt-11-701]
  Mirtazapine                  NaSSA                    SGA              6 weeks    40     15           36.8          HAM-D 12.28±6.31; CDSS 5.44±4.49   No significant difference compared to placebo                                                                           No significant difference compared to placebo                                                                                                          [@b140-ndt-11-701]
  Viloxazine                   NRI                      FGA              4 weeks    28     na           19--53        HAM-D \> 18                        No significant difference compared to placebo                                                                           na                                                                                                                                                     [@b141-ndt-11-701]
  Reboxetine                   NRI                      FGA              6 weeks    30     6.70         32.4          Endpoint HAM-D 6.93±4.16           No significant difference compared to placebo                                                                           No overall difference between the two groups                                                                                                           [@b142-ndt-11-701]

**Note:** The gray shading highlights those that did not indicate any positive result.

**Abbreviations:** TCA, tricyclic antidepressant; FGA, first generation antipsychotics; HAM-D, Hamilton Rating Scale for Depression; AD, antidepressant; SSRI, selective serotonin reuptake inhibitor; SGA, second generation antipsychotics; BPRS, Brief Psychiatric Rating Scale; BDI, Beck Depression Inventory; CDSS, Calgary Depression Scale for Schizophrenia; SARI, serotonin antagonist and reuptake inhibitor; NaSSA, noradrenergic and specific serotonergic antidepressant; PANSS, Positive and Negative Syndrome Scale; NRI, norepinephrine reuptake inhibitor; na, not applicable.

###### 

Pharmacokinetic interactions between antidepressants and antipsychotics, and the CYP-450 isozymes involved

                            Haloperidol       Pimozide                          Clozapine        Risperidone       Olanzapine
  ------------------------- ----------------- --------------------------------- ---------------- ----------------- ------------
  TCAs                      TCAs↑             TCAs↑                             na               na                na
  CYP2D6                    CYP2D6, CYP3A4                                                                         
  Fluoxetine                AP↑                                                 AP↑ 40%--70%     Active AP↑ 75%    na
  CYP2D6                                      CYP1A2, CYP2D6, CYP2C19, CYP3A4   CYP2D6, CYP3A4   CYP2D6            
  Paroxetine                na                na                                AP↑ 20%--40%     Active AP↑↑ 45%   na
                                              CYP2D6                            CYP2D6                             
  Fluvoxamine               ↑ 1.8--4.2-fold   na                                AP↑ 5--10-fold   AP↑ 10%--20%      AP↑ 2-fold
  CYP1A2, CYP3A4                              CYP1A2, CYP2C19, CYP3A4           CYP2D6, CYP3A4   CYP1A2            
  Sertraline                AP↑               AP↑                               na               AP↑               na
  CYP2D6                    CYP3A4, CYP1A2                                      CYP2D6                             
  Citalopram/escitalopram   na                AP↑                               na               na                na
  Nefazodone                                  CYP3A4                                                               

**Note:**↑, increase.

**Abbreviations:** TCA, tricyclic antidepressant; CYP, cytochrome P; AP, antipsychotics; na, not applicable.
